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FOREWORD

This report was prepared by Pratt & Whitney Aircraft under Contract
NAS8-5442 (Modification No. 4) Phase III, "Investigation of Pressure Pre-
diction Methods for Radial Flow Impellers," for the George C. Marshall
Space Flight Center of the National Aeronautics and Space Administration.
The work was administered under the technical direction of the Engine

Systems Branch, Mr, Loren C. Gross, Program Manager.
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SECTION I
INTRODUCTION

This report covers the first quarterly reporting period from

13 June 1965 to 13 September 1965 of Phase III of Contract NAS8-5442,
"Investigation of Pressure Prediction Methods for Radial Flow Impellers."
During this reporting period, the first six of the proposed fifteen tests
were completed. These tests included smooth disk tests, with and without
an inlet hub, in water and liquid hydrogen, a smooth disk reverse flow
test with hydrogen, and a high-pressure (650 psia) liquid hydrogen smooth
disk test. The data from the first five tests have been reduced and the
results are discussed in this report. Data from the high-pressure test

are béingreduced and will be presented in the next report.
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SECTION II
PROGRESS DURING CURRENT REPORTING PERIOD

A, GENERAL

Phase III of the program is intended to complete and verify the
data collected during Phases I and II and to investigate one additional
configuration, that of a smooth disk with a bladed housing. The first
four tests, two in hydrogen and two in water, were planned to determine
the effect of various disk-to-housing clearances with and without an inlet

hub on the smooth disk.

Test dumber five was also conducted with a smooth disk but with the
flow through the test rig reversed. The physical limitations of the
rig make it impossible to obtain inward flow data at radius ratios below
0.7 under normal flow conditions. The reverse flow test allows inward
flow data to be taken on the back side of the disk at a radius ratio

down to 0.5.

Test number 6 will provide information on pressure distribution
while operating above the critical pressure of hydrogen (187.7 psia).
In this test the inlet pressure will be approximately 650 psia com-

pared to an inlet pressure of about 90 psia in previous tests.

Three tests are planned to complete the investigation of the effect
of tip blockage that simulates the overhang of the housing over the
disk., The three tests will be conducted at different values of tip

clearance.

The last series of tests will be conducted to investigate a con-
figuration in which a smooth disk is used with a vaned housing. This
configuration should produce a minimum pressure drop along the radial
span of the disk and could be employed where a high axial force is
required to pressure balance a disk or rotor. Three tests each are
planned in water and liquid hydrogen at various disk-to-housing

clearances,

IT-1




Pratt & Whitney Rircraft
PWA FR-1563

The data accumulated in all three phases of the program will then
be combined into a Fortran II computer program suitable for use on the
IBM 7090 computer. With this program it will be possible to predict
the distribution of pressure for any given set of operating conditions

and geometries within the scope covered by this program.

All of the tests are being conducted in the test rig shown in

figure II-1. Each configuration is tested over a range of speed and
flow, and the data are reduced as described in Reference 1. Briefly,

the data reduction involves calculation of the head distribution from
the test data, which is then plotted against impeller radius squared.
The ratio (K) of fluid angular velocity to impeller angular velocity

is computed from the slope of the head distribution curves. This K
value can then be used to modify the forced vortex equation to determine

the head rise for a similar configuration at other operating conditions.

A detailed discussion of the conducted tests is presented in the

following paragraphs. The test conditions are summarized in table II-1.
1, Inlet Hub Tests

Four tests have been conducted, two in hydrogen and two in water,
to further investigate the effect of an inlet hub on the smooth disk
pressure distribution. One test in each fluid was conducted without
a hub to reestablish the baseline at a disk-to-housing clearance of
0.057 in, For the second tests in each fluid a 1.00-in., diameter hub
was installed in the inlet to the test rig. In previous testing the
addition of the hub resulted in a change in K valuc for both fluids,
an increase in K in hydrogen and a decrease in K in water; however,
in the tests in Phase III no distinguishable effect was noted with the
addition of the hub in either fluid. (See figures II-2 and II-3,) 1In
addition, the K values calculated from the Phase ITI test data without
an inlet hub were approximately 10% lower than the value predicted
based on the previous test results, This difference in test results
is attributed to the fact that special Rosemount temperature probes
were installed in the housing along the radial span of the disk in an
attempt to determine the temperature profile. These special probes

required slots in the housing that could create local disturbances
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along the wall resulting in a reduced fluid velocity and,therefore, K
value., The losses created by the slots could also mask or offset the
effect of adding the inlet hub., New flush-mounted probes have been
designed and will be used on future tests. The head versus radius
squared curves from these tests are being compared with previous test
data in an attempt to pinpoint the region of high losses and correlate

the low loss region with previous results.
2. Reverse Flow Test

One test was conducted in liquid hydrogen with flow direction through
the rig reversed. Pressure measurements can not be taken on the rear
or inward flow side of the disk below a radius ratio of approximately
0.7 because of the location of the discharge manifold. (See figure II-1,)
Frequently,in pump designs, pressure distribution must be predicted over
areas well below a radius ratio of 0.7, thus requiring extrapolation
of the K value from previous data. By reversing the flow through the
test rig, pressure measurements can be obtained at a radius ratio of

0.5 for the radially inward flow condition.

Values of K, computed from this test, are shown plotted versus
radius ratio in figure II-4. The curve is in generally good agreement
with a predicted curve from Phase II data down to a radius ratio squared
of 0.4, The disk-to-housing clearance established for this test was
0.055 in., but with the flow reversed the thrust load on the rotor was
also reversed, which would result in the rotor shifting forward by
approximately 0.030 in. Therefore, the test data were compared with
predicted values for a clearance of 0.020 in. The prediction system
for this configuration (smooth disk-inward flow) will be modified to

reflect the data obtained at the lower radii.
3. High-Pressure Test

Test number six of Phase III was conducted in liquid hydrogen with
the smooth disk at an inlet pressure of approximately 650 psia. All
of the previous tests had been conducted with the inlet pressure between
90 and 100 psia. The high-pressure test was planned to determine the

effect on pressure distribution of operating in a different p-v-t region
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for liquid hydrogen. The test was completed near the end of the reporting
period and the data are presently being analyzed. Because of the high
pressures and low pressure rise across the face of the disk, the accuracy
required in measuring disk pressures could only be obtained by using low
range (0 to 15 and 0 to 25 psi) transducers. However, several of the
transducers on both the front and rear faces were over-ranged during
transients and failed., ZLoss of the readings at these stations will

complicate the data analysis.
4., Tip Blockage Tests

The test rig is being modified for the bladed disk tip blockage
tests and testing will begin late in September., Three tests will be

conducted at various tip and disk-to-housing clearances.

The special Rosemount type 146L temperature sensors installed for
the tests of Phase III to confirm the temperature distribution with

liquid hydrogen were only partially successful. These probes were

‘specially designed to measure cryogenic fluid temperatures on the

surface of a wall, However, a majority of the probes initially in-
stalled failed early in the testing due in part to the method of in-
stallation and the fragility of the probe. A new probe design that
provides improved strength and simplifies the mounting was incorporated

in the high-pressure test and functioned satisfactorily.

Work on the compilation of the data from all three phases into a
Fortran II computer program for use on the IBM 7090 computer has been

initiated.
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SECTION III
PLANS FOR THE NEXT REPORTING PERIOD
The following work is scheduled during the next report period:
1. The tip blockage and bladed-housing tests will be completed.

2, The formulation of the Fortran II computer program will be
continued and should be 75% completed by the end of the

period.,
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